Home Office guidelines recommend an area of 60 cm 2 per mouse for growing mice up to 30 g. However, the overall growth rate, and final adrenal weight of weanling BALB/c and MFl strain mice was not affected by being housed at a density of down to 27 cm 2 per mouse, though there was some evidence of strain differences in ability to tolerate such dense housing. The presence of cage accessories had no effect on growth rate of BALBI c and female mice, but reduced growth of MFI and male mice, though the effect was small. It is concluded that present Home Office guidelines make a generous provision for the space requirements of growing laboratory mice, and that the use of cage accessories of varying design may be worth exploring in more detail.
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The welfare of animals used in research has been the subject of legislation in most developed countries during the past decade. A common feature of such legislation is the formulation of standards for the amount of space to be allocated to animals of various species and types. Such standards may be enforced by law, or they may be promulgated as 'guidelines' or 'codes of practice ' to which animal laboratories are expected to adhere (e.g. Home Office, 1989) . However, there is some variation among the authorities on just how much space should be allowed for each animal. For example, when Received 13 September 1989; accepted 15 December 1989 stock mice of 25-30 g are housed in groups, the Home Office (1989) and the Laboratory Animal Breeders Association (I 989) specify 60 cm 2 per mouse, The Laboratory Animals Science
Association (Porter et al., 1970) recommended 65 cm 2 , Article 5 of the Council of Europe (I986) specifies 80 cm 2 , and the Institute of Laboratory Animal Resources (1972) specifies 97 cm 2 • A noticeable feature of all these guidelines is that although all of them quote general references, none of them give specific references to studies on the biological effects of variation in population density. Most standards seem to be based largely on current practice, and there do not appear to be any established criteria for judging whether the space allocated to an animal is acceptable. Growth rate is usually regarded at least in part as an index of the welfare of the animals (Morton & Griffiths, 1985) . A number of studies have compared growth rates of mice housed in the same cages at different stocking densities, though as density was manipulated by varying the number of animals in a fixed sized cage, any effects due to the space per mouse are confounded with effects due to group size.
However, such studies can still be informative, particularly when no effects are detected. Thus, Les (I968) studied the effect of food hopper design, acidified water and cageing density (20 or 35 mice per cage, giving an area of 82 or 42 cm 2 /mouse) on growth of C57BL/6J and DBA/2J mice. Both food hopper design and acidification of the water significantly affected growth rate, but cageing density had no effect, and there were no interactions involving any of the variables. Similarly, Ortiz et al. (1984 Ortiz et al. ( , 1985 housed weanling mice in groups of 4, 8 and 24, giving 132, 66, and 22 cm 2 /mouse, respectively, and studied their growth and adrenal cortical activity for approximately 30 days. They concluded that although growth rate was reduced in the 24 mouse group, probably due to reduced food intake, ' ... it appears that post-weaning crowding was not a strong stress stimulus since neither adrenal weight nor basal serum corticosterone were altered in crowded mice'. In attempting to obtain uniform mice, Doolittle et al. (1976) investigated whether mixing mice to give a constant population density would result in greater uniformity than housing litters separately, even though this resulted in a variable stocking density. They found that greatest uniformity was obtained with the separate litters, even though space per mouse varied.
In a study which may be related more to group size than stocking density, Chevdoff et al. (1980) housed weanling mice in groups of one, 2, 4, or 8 per cage (giving 576, 288, 144, and 72 cm 2 / mouse, respectively) and studied them over an I8-month period. Survival was 75-83% with no significant differences between groups. Both body weight, and the variability of body weight were greater in the mice housed in one or two per cage. An increased incidence of gastritis was seen in the mice housed in groups of 8, compared with the singly housed mice, but the incidence of ovarian cysts and endometrial hyperplasia was lower in the 8 per cage groups than in the other groups.
High stocking density may lead to increased incidence of certain diseases. For example, Les (1972) recorded tail lesions in C3H/HeJ mice, and noted that these were related to population density, though this is difficult to quantify from the data given in his paper. Edwards and Dean (1977) showed a reduction in antibody formation with extreme crowding (down to 8 cm 2 /mouse) with a density-dependent increased sensitivity to challenge with Salmonella typhimurium in unimmunized, but not immunized mice. Stocking density may also affect physiological variables. Serrano (1971) showed that CO 2 levels in the cage were higher when mice were housed at 39 or 79 cm 2 /mouse than in cages allowing 157cm 2 / Peters & Festing mouse, but gave no data on the status of the mice.
There is extensive literature on the effects of crowding on farm animals such as pigs (e.g. Meunier-Salaun et al., 1987) , but the large differences in body size between farm and laboratory animals make interpretation difficult. Similarly, the numerous studies on density effects on breeding colonies of animals confined in an area are equally difficult to interpret (Freedman, 1979) .
Cage design may also influence the characteristics of the animals. Thus, Chamove (1989) has shown that partitioning mouse cages can favourably affect a number of behavioural variables which are indices of 'emotionality' as well as improving weight gain over 20 days and reducing adrenal weight in some cases. However, White et al. (1989) have shown that guineapigs spend most of their time on the periphery of their cages, and make relatively little use of the total area.
The aim of this experiment was to look at the effects of cageing density and the presence of cage accessories on the growth rate of two strains of mIce.
Materials and methods

Mice and husbandry
Male and female barrier-maintained BALB/c (a slow growing inbred strain) and MFI (a fast growing out bred stock) mice were randomly selected at 3-weeks of age, mixed, then caged separately by sex in random order. The experiment was carried out in a fully-barriered building of 65 m 2 • The room had 12-15 changes of preheated air filtered to O' 3Jt and passed via trunking into rooms where a positive pressure was maintained. A cycle of 12h artificial light and 12 h darkness was maintained. Relative humidity was 50-600/0and temperature was 19-22°C. Diet CRM (Biosure, Manea, Cambridge, UK) irradiated at 2· 5 Mrad was fed ad libitum. Water was supplied in 250 rnl plastic bottles with melamine spouts. Softwood shavings were used for bedding. M2 cages (33 x 15x 12 with an internal area of 330 cm 2 ) and MBI cages (45 x 28 x 13cm, with an internal area of 960 cm 2 ) were supplied by North Kent Plastics Ltd.
Experiments
The Home Office guidelines had not been established at the time that these experiments were carried out, and housing densities were, chosen which conformed with current commercial practice (the higher densities), and densities that were presumed to reflect approximately the new guidelines (i.e. current practice was compared with a more generous space allocation), though in the event the actual guidelines allowed somewhat more space than the lowest density used in these experiments. Like most previous experiments, space allocation was confounded with group size, since space per mouse was decreased by increasing the number per cage rather than decreasing the cage size.
Experiment 1
Male BALB/c or MF1 were housed in M2 cages in groups of 6 or 10 mice per cage (55 and 33 cm 2 per mouse, respectively), with a total of 10 cages per strain/density combination (40 cages total). They were weighed at 4, 5, and 6-weeks of age, and the experiment was then terminated.
Experiment 2
As experiment 1 showed no effects of housing density on growth rate, experiment 2 was done on a larger scale. Male and female mice of both strains were housed separately in MBI cages in groups of 35 (27 cm 2 /mouse) or 26 (37 cm 2 1 cage) mice per cage, with 24 cages at each density for each strain (giving a grand total of 96 cages and 2928 mice). Half these cages were provided with plastic tubes as 'accessories'. These consisted of 5 open-ended plastic tubes ranging in length from 30 to 145 cm long and 35-45 cm in diameter, glued together (Fig. 1) .
The mice were weighed as a group every week until they were 8-weeks old. After the final weighing 4 mice from each cage were killed and both adrenals removed and weighed as a group. For practical reasons, the experiment had to be conducted in four parts: male MF1, male BALB/c, female MF1 and female BALB/c. Thus, the main effects of strain and sex (which are of no direct interest) were confounded with a possible time effect. However, cage density and accessories effects and their interactions involving strain and sex were unconfounded.
Experimental design and statistical methods
Weights were corrected to take account of a few animals which died during the experiment, and the average weight of each mouse was calculated. The resulting growth data were analysed by a repeated-measures analysis of variance. The adrenal weights were analysed by analysis of covariance using the final body weight as the covariate. The statistical power calculations were based on methods and tables given by Cohen (1969) .
Results
Experiment 1
Only 3 mice (0' 9OJo) died during the experiment, and there was no evidence that the deaths were associated with strain or housing density. Aggressive behaviour was not noted in male mice and mortality, where it occurred, was not linked to fighting. Body weight averaged over weeks 4, 5 and 6 was 15' 4 g and was identical in BALBI c mice housed in groups of 6 and 10, respectively. It was 25· 0 and 24· 2 g in MF1 mice housed at the same densities. There was no statistically significant effect of housing density, or any interaction between density and strain, though there was a highly significant (P<O'Ol) difference between the two strains. Table 1 . Statistically significant two-way interactions involving treatments. Data is mean body weight (g) averaged over all time periods. The least significant difference (P<0'05) between any pair of means is 0·44 g Experiment 2 A total of 18 mice (0'6070) died during the experiment, but there was no evidence for an association with any of the treatments. The repeated-measures analysis of variance showed significant (P<O'OI) overall effects for strain, sex, and the strain X sex interaction, but no significant main effects of number of mice per cage (density), or the presence of the cage accessories. However, statistically significant strain x density (P<O'OI), strain x accessories ( P <O'02), and accessories x sex (P <O'02) interaction effects were observed, though the effects were small and did not extend to the linear or quadratic contrasts over time. These three interactions are recorded in Table 1 averaged across all time periods, and are shown graphically in Figs 2 to 4 as growth curves. With the strain x density interaction, there was no difference in growth rate at the two densities in the BALB/c mice, but a significant adverse density effect was seen in MFI. With the strain x accessories interaction, there was no significant difference due to the accessory tubes with the BALB/c, but a significant decrease in growth in the MFI in the presence of the cage accessory. In the case of the sex x accessory interaction, males grew significantly better without the accessory, but there was no significant difference among the females. Experiments which are too small may lack the power to detect biological effects judged to be important. In this experiment the overall mean body weight was 20· 2 g, pooled across strains, sexes, ages, accessories, and density. The observed difference between the two density groups was O' 3 g (Table I ), but this figure is subject to experiment error. Suppose, in experiment 2, a decline in growth rate of 50/0 (i.e. 1·0 g) were to be judged to be of biological importance, what is the chance that this experiment could have detected it and designated it statistically significant at P<0'05?
The pooled within-group standard deviation averaged across all treatments was 1· 88 g. Using the notation and tables of Cohen (1969) , d= 1·1/1· 88 = O' 53. With a total of 48 cages per density treatment, and assuming a two-tailed test, there is approximately a 700/0 chance that 
Discussion
The density at which mice may be housed from weaning until they are used for an experiment has important economic implications. Fewer mice per cage means that more cages and hence more space is needed to house a given number of animals. The total cost of a laboratory animal depends heavily on overhead costs such as building and cage costs (Festing, 1987) . On the an effect of density as large as 1. 0 g would have been detected, and there was a 99% chance that an effect as large as 10% of body weight would have been detected. Thus, if there were a true density treatment effect as large as 5-10% of the mean, there would have been a very good chance that this experiment could have detected it. Thus, failure to detect much of an effect of density on growth rate is probably not due to an insensitive design of experiment. Analysis of the adrenal weights adjusted by covariance analysis for body weight showed no significant main effects, but a highly significant strain x density interaction (P< O' 01, Table 2) , and a significant density x accessories x sex interaction (P< O' 05) such that in the presence of the accessories the adrenal weight of females was lower in groups of 35 than in groups of 26, but in the absence of accessories there was little difference between the two. As three-way interactions are difficult to interpret, and this one was only significant at the 5% level of probability, it is not discussed in any further detail.
With the lower density, strain BALB/c mice had a greater adrenal weight than at the high density, whereas the converse was true with the MFI mice (Table 2) . Cl III t...
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> 15 <t other hand, severely stressed mice probably make poor experimental subjects, and the welfare of animals used in research must not be neglected.
There is little doubt that stress can be induced by excessive crowding. The problem is to decide just how much space a growing mouse needs if it is not to be unduly stressed, and it would seem logical to attempt to answer this question by experimentation. It is noticeable that most guidelines fail to give references specifically to experimental work on the effects of crowding.
In experiment 2, mice were housed at densities providing only 45% of the space recommended by the Home Office guidelines and overall there was no evidence for either decreased growth rate, or increased adrenal weight when compared with a space allocation of 62% of the current Home Office guidelines. It is unfortunate that no group was included which had exactly the 60 cm 2 recommended, but at the time these experiments were planned the guidelines had not been published. It is just possible that growth of both groups was retarded, but this seems unlikely. Growth retardation due to crowding is likely to be progressive once space becomes a limiting factor. Failure to detect an effect cannot be attributed to an insensitive experimental design as there was about a 70% chance that an experiment of this size would detect (P < O· 05) an effect as large as 5% of body weight, and a number of interaction effects were also observed. These experiments are in agreement with those of Les (1968) and Ortiz et al. (1984 Ortiz et al. ( , 1985 which suggest that the mouse is relatively insensitive to the effects of crowding.
It might be argued that weight gain and adrenal weight are not good indices of animal welfare. However, Chamove (1989) looked at several measures of mouse behaviour and emotionality as well as weight gain and adrenal weight in cages of four different designs. In his experiments, weight gain correlated closely with cage preferences, activity, and lack of emotionality. Thus, weight gain does seem to be closely related to the welfare of the animals. In conclusion, current Home Office guidelines on Peters & Festing space allocation for growing mice appear to be generous, and there is no evidence that even a reduction of 50% would cause stress in such mice.
The significant interactions between strain and density, and involving the cage accessories should also be noted. Two strains, sexes, and the presence of cage accessories were included in these experiments in order to increase their generality. BALB/c mice seemed to thrive on high density housing as they gained fractionally more weight and had smaller adrenal weights when housed in groups of 35 than in groups of 26 per cage, but the converse was true with MFI mice. The reasons for these differences are not known, but many aspects of behaviour are highly inherited, so it is possible that there are innate behavioural differences between mouse strains and sexeswhich affect their tolerance to crowding, and their preferences for cage accessories. This may be worth further study. It would be particularly interesting to discover whether inbred mice, which are genetically identical so presumably produce identical pheromones (Boyse et al., 1987) , are more tolerant to high density housing than outbred mice.
The 30% reduction in adrenal weight of BALB/c mice housed at the greater density is difficult to interpret. Adrenal weight is usually used as an index of stress, which suggests that these mice were less stressed at the higher density. Further studies will be necessary to discover whether this is a real and repeatable effect. Similarly, in view of the work of Chamove (1989) and White et al. (1989) , it may well be worth discovering whether further development of the concept of cage accessories which break up the total cage space is worth pursuing. In these experiments the effects of the accessories were slight, and any significant effects were generally adverse, but possibly the design of such accessories is critical. Tubes with a closed end may be very different from those with an open end from the point of view of the mouse. Certainly, these experiments show that the presence of such accessories is not always biologically neutral.
